Introduction
An epiretinal membrane (ERM) is a cellular or fibrocellular proliferation on the inner surface of the retina whereas a subretinal membrane (SRM) is a similar proliferation located between the outer neuroretina and the retinal pigment epithelial monolayer. The principal clinical importance of ERMs lies in their tendency to contract, and such contraction often results in distortion or detachment of the underlying retina. Likewise, SRMs are frequently contractile and SRM shortening typically causes elevation of the neuroretina. Thus contractile ERMs and SRMs both may have profound visual consequences. Furthermore, since contraction is a characteristic of scars generally and is deemed to be cell-mediated, membrane formation is considered to represent an anomalous wound repair process and the activities of component cells to be responsible for membrane contraction. 1 Nevertheless not all ERMs and SRMs are contractile. Non-contractile membranes generally are asymptomatic and are sometimes called 'simple' membranes (to contrast with 'complex' contractile proliferations).
diseases that give rise to SRMs differ to a certain extent from those which instigate ERM formation (Table 1) . 3, 4 One condition well recognised for causing contractile ERM and SRM development is the complication of rhegmatogenous retinal detachment and its surgery known as proliferative vitreoretinopathy (PVR). 5 Here we shall chiefly consider PVR, touching on other causes of ERM and SRM formation by means of comparison.
The morphology of epiretinal and subretinal membranes
To some degree, the aetiology of ERMs and SRMs (or 'periretinal membranes') is reflected in the histological appearance of the tissue. 4 Therefore, in the rare instances where the aetiology of the membrane is in doubt, histological information may provide clues to the cause of membrane formation. Microscopic examination (of ERMs in particular) can also provide information about the surgical dissection plane involved in removing the specimen.
Cellular components of periretinal membranes
A predominantly vascular ERM is usually a sequel to ischaemic retinopathy (for example, proliferative diabetic retinopathy (PDR) or after central retinal vein occlusion) whereas vascularised SRMs are found in age-related macular degeneration and conditions like presumed ocular histoplasmosis syndrome (Table 1) . By contrast, PVR epiretinal and subretinal membranes typically have few if any blood vessels but many retinal pigment epithelial (RPE) cells (Table 1 ; Figure  1 ). [6] [7] [8] [9] RPE cells readily change their shape and become fibroblast-or macrophage-like in periretinal membranes ( Figure 1) . 6, 7 Fibroblastic cells are present in most contractile periretinal membranes. In PVR (Table  1) . 2, [11] [12] [13] Recent work suggests that neural elements found in PVR membranes may reflect outgrowth from the retina into the developing membrane, rather than representing retinal tissue avulsed during membrane excision. 14 In ERMs, inflammatory cells are usually abundant only when the membrane complicates intraocular inflammation (Table 1) . Thus established PVR membranes usually contain few macrophages or other inflammatory cells, most macrophage-like cells being transdifferentiated RPE cells. 15 The cellular composition of PVR membranes may, nevertheless, be altered by therapeutic interventions-especially when the membranes complicate, or recur after, retinal detachment surgery in which a tamponade agent is employed. 16, 17 For example, macrophages may be the predominant cell type in ERMs forming after silicone oil tamponade and up to one third of the cells in PVR membranes arising with perfluorohexyloctane (F6H8) tamponade are macrophages (on the basis of CD68 positivity and cytokeratin negativity). [17] [18] [19] Indeed, it has been suggested that tamponade agent-induced macrophage influx may augment the PVR process by the periretinal accumulation of a wide range of macrophage-derived growth factors. Moreover, some tamponade agents, including F6H8, can induce a marked foreign body reaction in the developing membranes (Table 1, Figure 1 ) while most of these appear to be able to induce the formation of intracellular (and extracellular) spherical spaces of variable size. 19 These spaces, which are found not only in macrophages but also in other membrane cells including RPE cells, are presumed to represent droplets of tamponade agent incorporated in the evolving tissue.
Extracellular components of periretinal membranes
The extracellular composition of periretinal membranes also varies with the aetiology. For example, type II collagen is characteristically a prominent component of the fibrous part of epiretinal membranes complicating PDR. Conversely, type II collagen is mostly absent from, or only a minor element of, PVR epiretinal membranes. These differences presumably reflect the pathogenesis of the epiretinal membranes: PVR membranes usually arise after posterior vitreous detachment (and subsequent rhegmatogenous retinal detachment) whereas the capillaries of diabetic membranes are thought to use the vitreous cortex as a scaffold in which to propagate. 20 Thus in the latter, collagen type II-rich vitreous may become trapped in the developing membrane while the vitreous cortex generally is not available for the developing PVR membrane (Figure 1 ). 21 However, unlike PDR membranes, fragments of retinal inner limiting lamina are often found in PVR membranes and presumably indicate strong adhesion between the membrane and retinal surface (Figure 1) .
A variety of other collagen subtypes, including I and sense radiolabelled probe for fibronectin mRNA (haematoxylin counterstain). The periretinal membranes contain many cells with abundant fibronectin mRNA (which appear black in the section from intense silver grain deposition over these cellsarrows), whereas cells in the retina exhibit only background labelling. (e) and (f) Sections through a peripheral retinectomy specimen stained with the immunoperoxidase method (brown reaction product, haematoxylin counterstain) for cytokeratins, an epithelial cell marker (e) or thrombospondin-1 (TSP-1) (f).
In (e), a fibroblast-like retinal pigment epithelial (RPE) cell (black arrow) can be seen on the retina (R). In (f) this cell is noted to stain for TSP-1 (black arrow) while a macrophagic cell contains some of the glycoprotein as well (red arrow). Both cells contain melanin granules while other epiretinal elements also contain TSP-1. III, are common to most contractile membranes and, as in healing wounds, the collagenous element of periretinal membranes tends to increase with time.
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Non-collagenous extracellular components of periretinal membranes include members of the elastic fibre family (though not usually mature elastic fibres) and a number of glycoproteins. 22, [27] [28] [29] The realisation that, in addition to a role as spacer elements, extracellular components can profoundly affect cell behaviour via cell-surface receptors such as the integrins has prompted considerable interest in wound healing proteins in general. The possibility that cell-matrix interactions could act as therapeutic targets in the control of reparative processes like periretinal membrane formation has led to a number of investigations concerning the relationship between cells, matrix and/or receptors in the membranes.
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Adhesive extracellular matrix proteins in periretinal membranes
In addition to collagen, other proteins that promote cell adhesion and are identified in periretinal membranes include laminin, vitronectin and fibronectin. 22, 28, 29 Fibronectins (a family of glycoproteins) have received notable attention in periretinal membranes. This attention may reflect the fact that fibronectin was among the first glycoproteins described in periretinal membranes, 22 that fibronectins have a multifunctional nature, or that they appear to be involved in wound healing from the earliest stages of repair (see Gailit and Clarke 31 for a brief review of extracellular matrix components at different phases of wound repair).
Fibronectin in periretinal membranes probably represents both plasma-derived and cellular fibronectins. 30 The former is thought to gain access to the retinal surface following breakdown of the bloodretinal barrier (eg after retinal detachment) or vitreous haemorrhage (as in PDR or trauma). Cellular fibronectin appears to originate from cells (including RPE cells) displaced to the retinal surfaces in the early membranes ( Figure 1) . [32] [33] [34] Soluble fibronectin is chemotactic to many cell types including RPE cells and hence may be involved in recruiting the cells to the retinal surfaces during early periretinal membrane formation. 35, 36 Moreover, fibronectins promote cell-cell and cell-substrate adhesion. Indeed, fibronectin is implicated in the formation of a temporary scaffold at tissue surfaces involved in early repair and insoluble cellular fibronectin may form transmembrane links with contractile elements of cells. This latter characteristic has led to speculation that fibronectin is responsible for providing early structural integrity in periretinal membranes and the formation of a 'contractile unit'. 22 However, contraction is not the only cellular activity occuring in early membranes: for example, cell migration (which, in addition to cell recruitment, may generate tractional forces in the tissue) and proliferation are thought to be key to membrane development. 37 
Counter-adhesive proteins in periretinal membranes
Behaviour like proliferation, migration and shape change requires partial detachment of cells from their substrate. The matrix in wounds contains anti-adhesive proteins, often members of a group of proteins known as matricellular proteins, which may facilitate partial cell detachment and hence permit cell proliferation and migration. 38 In fact, matricellular proteins are defined as proteins which interact with many molecules in the extracellular environment as well as with a variety of cell surface receptors. In so doing, they are thought to produce multiprotein complexes comprising cell surface receptors, matricellular protein and extracellular molecules, thereby modifying diverse cell activities (and extracellular matrix structure). 39 Typically, matricellular proteins are highly expressed during tissue formative processes like wound repair and on the whole these proteins tend to be antiadhesive both in solution and when part of a mixed substrate. 40 Matricellular proteins include tenascin, thombospondin 1 and 2, osteonectin and osteopontin. Tenascin, thrombospondin 1 and osteonectin have been described in PVR membranes and we have observed an association between thrombospondin 1 and RPE cells, and between osteonectin and RPE cells, in the membranes (Figure 1 ).
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The matricellular protein thrombospondin 1 and PVR membranes Thrombospondin 1 (TSP1), once known just as thrombospondin, is a large protein (ෂ420 kDa) and a member of a family of at least five secreted glycoproteins (TSP-1 to -4 and Cartilage Oligomeric Matrix Protein or TSP-5). 38, 39, 43 The glycoprotein is present in platelets and plasma, and is synthesised by a wide variety of cell types.
43 TSP1 binds to cells via several receptor types, such as integrins and CD36. TSP1 also has the ability to bind growth factors like platelet-derived growth factor (PDGF) and transforming growth factor-␤ (TGF-␤). 39 Intriguingly, binding to TSP1 activates latent TGF-␤. 44 Conversely, peptide fragments of TSP1 tend to inhibit angiogenesis induced by basic fibroblast growth factor (bFGF) and vascular endothelial growth factor (VEGF) (reviewed by Lawler 39 ). Inhibition of bFGF and VEGF by these fragments may (partly) explain the natural antiangiogenic property of TSP1 itself.
Growth factors are only one group of extracellular molecules which bind to, and are functionally modulated by, matricellular proteins like TSP1. Other groups include enzymes, such as the matrix metalloproteases, and adhesive proteins including fibronectin. 38 Interestingly, cellular fibronectin and TSP1 are often co-distributed in PVR and PDR periretinal membranes and a combination of the two proteins may provide an early matrix in PVR membrane formation. 45 It has been suggested that, in mixed substrata akin to those found in periretinal membranes, matricellular proteins such as TSP1 antagonise the pro-adhesive effects of the adhesive proteins. 40 The 'de-adhesion' induced by the matricellular protein is postulated to reduce the focal adhesions and stress fibres typical of strongly adherent cells, producing a cell capable of activities like migration. 40 Thus TSP1 may counter the adhesive effects of matrix proteins like fibronectin and so permit or augment the types of cell behaviour necessary for the production of wound tissues, including PVR membranes. We have investigated the role of TSP1 in a model of PVR. 46 The model is that of RPE-populated collagen matrices, in which the activity of the cells causes the matrix to contract. 47 Although RPE cell-mediated matrix contraction does not appear to be altered by addition of blocking antibodies or peptide fragments to TSP1, the colocalisation of TSP1 with migratory cells in the model, and with RPE cells in PVR membranes, does support the concept that TSP1 may play a role in RPE cell migration. 30, 46 We have shown that RPE cells are capable of synthesising TSP1, TSP2, TSP3 and TSP4, and thus it seems likely that at least some of the TSP1 in PVR membranes is RPE cell-derived. 48, 49 Indeed, since it is thought that a cell must actively synthesise TSP1 in order to bind the protein, 50 observations of TSP1 immunoreactive RPE cells in PVR membranes are in keeping with the idea that there is local TSP1 synthesis in the developing tissue. However, since TSP1 is also present in platelets and serum, haematogenous TSP1 might become involved in periretinal membrane formation in the same way as plasma fibronectin (see above). Also like fibronectin, TSP1 is present in both 'early' (less than 4 months clinical duration) and 'late' (greater than 4 months clinical duration) periretinal membranes. Persistence of TSP1 in 'late' membranes is further evidence that the nature of the repair process in PVR is prolonged and disorganised compared to that of cutaneous wound healing (in which TSP1 appears transiently in the early stages). 51 Eye: Cambridge Ophthalmological Symposium
The matricellular protein osteonectin/SPARC and PVR membranes
At approximately 43 kDa, osteonectin, also known as SPARC (Secreted Protein Acidic and Rich in Cysteine) and BM-40, is a much smaller molecule than TSP1. 52 Recently, ophthalmic interest in SPARC has been stimulated by the observation that SPARC-null mice develop severe, early cataract. 53 SPARC is related to several other proteins, including two neural glycoproteins called SC1/hevin and QR1, and appears to be the most strongly anti-adhesive of the matricellular proteins in that prolonged SPARC exposure causes cell rounding (an index of weak cell adhesion). 40 It is not known whether SPARC acts through a specific cell surface receptor or by interfering with adhesive interactions. Indeed, the precise cellular function(s) of SPARC are unclear and its biology is complicated by the rapid degradation of the glycoprotein which may occur once SPARC is released from the cell. 54 Some SPARC degradation products have properties opposite to the whole molecule: for example, SPARC itself is angiogenic but several of SPARC peptides are antiangiogenic (reviewed by Motamed and Sage 1997). 55 The anti-adhesive properties of SPARC and the production of the glycoprotein in tissues of high cell proliferation rates (such as healing wounds) 51 led us to speculate that SPARC might play a role in PVR and other periretinal membranes. SPARC might modify cell-substrate adhesion and so augment RPE migration, proliferation and/or shape change, as is postulated for TSP1. We studied ERMs and SRMs from patients with PVR. Employing immunohistochemical methods, we were able to detect SPARC in both ERMs and SRMs (Figures 1 and 2) . Furthermore, by examining peripheral retinectomies from patients with early PVR, we found SPARC in epiretinal cells before clinically detectable membranes were present (Figure 2 ). This SPARC immunoreactivity persists in established membranes and may be detected even in membranes of more than 4 months clinical duration (which we had previously termed 'late' membranes; see above).
There appears to be a distinct spatial distribution of SPARC in established periretinal membranes in that, although some extracellular protein can be seen, most staining appears to be intracellular (Figure 1 ). This pattern contrasts with TSP1 distribution, in which we have observed marked extracellular as well as intracellular accumulation in the membranes, 56 and may reflect the rapid extracellular breakdown of SPARC mentioned above. Finally, we were able to confirm that at least some of the PVR membrane cells, which contained SPARC, were of RPE origin. The finding that SPARC colocalised with RPE cells in periretinal membranes raises the possibility that human RPE cells might produce the protein and that it might act in an autocrine-like way in influencing RPE behaviour during PVR development. We have investigated SPARC synthesis by RPE cells in vitro. Using a combination of methodologies, we were able to determine that RPE cells express the SPARC gene and make SPARC in vitro, secreting some of the protein. 57, 58 The secreted protein was present in both the culture medium and the extracellular matrix of the cells (there is evidence that SPARC plays a role in the organisation of extracellular matrix generally). 58 If SPARC were to play a role in cellular activities which typify PVR, such as RPE cell migration and proliferation, it might be expected to be produced in low density RPE cell cultures (where cells are migratory and dividing) rather than in high density cultures (where migration and proliferation is less marked). However, when we examined SPARC production in low and high density RPE cell cultures we observed that the opposite was the case. The proportion of SPARC mRNA and protein increased with increase in cell density. 58 In fact, this finding is consistent with observations that SPARC is antiproliferative for some other cell types. 52, 53 Moreover, prolonged elevated levels of SPARC might be expected to inhibit cell motility both by rendering cell-matrix adhesion too weak for migration and by abrogating growth-factor mediated chemotaxis, 40, 54 On the other hand, SPARC might still promote cell shape change. On balance, and counter to our original concept, the currently available information suggests that SPARC in PVR membranes tends to switch off the proliferative process. Indeed, partly because SPARC appears to have an antiproliferative role, the protein is being considered as key to the differentiation of a number of tissues in general. 53 The concept that SPARC plays a role in cell differentiation is supported by a number of observations concerning the glycoprotein including that it emerges late in wound repair, and it binds and reduces the function of several growth factors which support cell proliferation (eg PDGF, VEGF and bFGF). [51] [52] [53] [54] [55] Furthermore, SPARC is produced in organs undergoing terminal differentiation (including the RPE monolayer) and SPARC knock-out causes developmental abnormalities in several species. 59 Conversely, although a certain amount of cell detachment may be necessary for cellular shape change in differentiating tissues (for example, the counteradhesive properties of SPARC may permit neuronal rearrangement in vivo), 53 SPARC's often strong counteradhesive effects on cells (including RPE cells; Figure 2 ) and SPARC-induced cell rounding might be expected to cause dedifferentiation in the RPE monolayer. After all, RPE cell rounding, as a prelude to RPE detachment from Bruch's membrane, is taken as an indicator of loss of RPE tertiary differentiation. 6, 37 A potential role for TSP1 and SPARC in early PVR membrane formation: functional interactions with Scatter Factor/Hepatocyte Growth Factor RPE cell rounding and detachment from Bruch's membrane, along with extension of glia through the retinal surfaces, are thought to denote the earliest stage of PVR. Given their anti-adhesive properties, it is tempting to speculate that TSP1 and, perhaps to a greater extent, SPARC might play a role in this RPE cell-Bruch's membrane dissociation (in addition to the normal RPE layer, SPARC is prominent in cells apparently leaving Bruch's membrane in early PVR; Figure 2 ). However, several other families of molecules are likely to be involved in controlling adhesive interactions between RPE cells and matrix, such as the matrix metalloproteinases (MMPs), and the metallodisintegrin (ADAM) and the ADAM with thrombospondin repeats (ADAMTS) families. [60] [61] [62] [63] Indeed, it is established that RPE cells are capable of synthesising many of these proteins, [60] [61] [62] [63] and that MMPs are required for some RPE cell-collagen matrix interactions like those which are involved in collagen matrix contraction. 64, 65 In addition to separation from Bruch's membrane, RPE cells destined for the new PVR membranes have to detach from their neighbours. Matricellular proteins are attributed to have roles in cell-cell interactions 50 but, again, a variety of other molecules may be involved in such processes. For example, PDGF and interleukin-1 are both thought to be chemotactic to dedifferentiated human RPE cells and thus could both be involved in the early stages of PVR (reviewed by Burke 66 and Campochiaro 67 ). Another growth factor family which has recently been shown to be motogenic to RPE cells has also been found to have an additional intriguing property: it causes epithelial sheets to dissociate. This family is known as Scatter Factor or Hepatocyte Growth Factor (HGF/SF). 68, 69 Scatter factor is secreted by mesenchymal cells and is identical, or closely similar, to a plasma protein which causes hepatocytes to proliferate (hepatocyte growth factor). 68, 69 A cytokine called macrophage stimulating protein is also thought to be a member of this growth factor family. HGF/SF has the ability to cause junctional breakdown and dissociation of epithelial cell sheets in vitro. Moreover, HGF/SF also brings about a phenotypic change in the epithelial cells so that the epithelial cells become fibroblast-like. Not surprisingly, the family has been implicated in the early stages of PVR. 70 RPE cells express the receptor for HGF/SF (the receptor is known as c-met). 71, 72 Moreover, the levels of HGF/SF are elevated in vitreous from patients with PDR and PVR. 73, 74 Indeed, there is evidence that RPE cells can themselves produce HGF/SF. 71 However, as HGF/SF is secreted as an inactive single chain glycoprotein, its mere presence cannot be taken as an index of bioactivity: activation of HGF/SF is dependent on extracellular proteolytic cleavage of the precursor chain to an active heterodimer. Using a bioassay (based on mesenchymal transdifferentiation of cultured Madin-Darby canine kidney or MDCK cells to HGF/SF), we were able to detect active scatter factor in about 60% of vitreous samples (including PVR, PDR and retinal detachment vitreous). 75 In addition, the levels of total HGF/SF found in the vitreous and Eye: Cambridge Ophthalmological Symposium subretinal fluid of patients with PDR and PVR (up to 54 ng ml −1 ) 75 were well in excess of the levels required (ෂ4 ng ml −1 ) to produce a significant increase in migration and proliferation of RPE cells above control levels in vitro (Figure 3) . Interestingly, the HGF/SF levels found in subretinal fluids were greater than those observed in vitreous samples (Table 2) . Thus in established PVR, subretinal HGF/SF levels were double vitreous HGF/SF concentrations and, in patients with uncomplicated retinal detachments, subretinal HGF/SF levels were almost three times the vitreous concentrations (Table 2) . Therefore, overall it seems likely that HGF/SF is at bioactive levels in periretinal fluids in the early stages of PVR and may be able to (partly) induce dissociative and phenotypic changes in the cells of the RPE monolayer. Since upregulation of c-met and SPARC have been linked in other proliferative processes, 76 we wonder whether a cocktail containing matricellular proteins like TSP1 and SPARC plus members of the HGF/SF family may be responsible for the changes in the RPE monolayer during the initial stages of PVR.
Summary
The presence of matricellular proteins in periretinal membranes and their ability to modify cell-matrix interactions suggests that this group of proteins may play a key role in the pathobiology of ERMs and SRMs. Matricellular proteins like TSP1 and SPARC may counter the adhesive characteristics of major matrix components (eg fibronectin, laminin, collagens) and so modulate periretinal cell activities such as migration or shape change.
With regard to PVR, the partial cell detachment induced by TSP1 and SPARC, the cell rounding which may occur as a sequel to prolonged SPARC exposure and the ability of HGF/SF to dissociate epithelial monolayers led us to speculate that matricellular proteins and members of the HGF/SF family might act in consort to initiate the separation of RPE cells from Bruch's membrane (Figure 4) . Such a combination may also induce the characteristic phenotypic changes of RPE cells in early PVR and, as all of these proteins can be made by RPE cells, might reflect an autocrine-like effect. However, SPARC can also suppress other RPE cell activities associated with PVR such as migration and proliferation, although several of the peptide fragments of SPARC do support cellular proliferation. TSP1 and SPARC each bind to, and modify the actions of a number of growth factors, some of which in turn modify the cellular expression of these two matricellular proteins. Indeed, TSP1 binds to HGF/SF, inhibiting HGF/SF-induced chemotaxis of endothelial cells. 77 Moreover, there are a variety of other proteins and peptides which can modulate adhesion between RPE cells and matrix, and which are available to RPE cells during the early stages of PVR. It is suggested that, in consort with other molecules which counter cell adhesion (including other matricellular proteins such as TSP-1), prolonged elevated local SPARC levels act at sites of RPE-Bruch's membrane adhesion to loosen attachment of the cell to the membrane (dotted circle). At the same time, HGF may play a role in the breakdown of adhering and gap junctions between adjacent RPE cells (dotted oval). RPE cells would then be free to dissociate from the monolayer.
The role of matricellular proteins in the development of ERMs and SRMs appears complex and further investigations are needed to clarify how molecules like TSP1 and SPARC influence the process. Nevertheless, given the ostensibly pivotal role of matricellular proteins in the modulation of key cell-matrix interactions, such investigations may well lead to therapeutic gain in the management of periretinal membranes. Moreover, information concerning these proteins may be vital in reducing the risk of PVR as a complication of novel surgical procedures (such as RPE cell transplantation and retinal translocation) for the treatment of macular disease.
